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FIELD OF THE INVENTION 

[00011 The present invention concerns solid compositions and methods useful in 
separating chemical components in a complex mixture in which at least one of the 
chemical components is capable of being selectively adsorbed. The invention also 
concerns methods of reducing non-specific binding of the other components in the 



mixture. 



BACKGROUND OF THE INVENTION 

[00021 Separations of components in a mixture have been important in many 
scientific disciplines, such as chemistry, biochemistry and molecular biology. The 
separation of components in a mixture allows isolation of the component of interest, 
i.e., an analyte. After the analyte is isolated, the properties of the analyte can be 
smdied or used. Without the separation, it may be difficult to determine the 
properties of the analyte because, whatever the measurement technique used, the 
properties of the component of interest could be masked or influenced by other 
components in the mixture. Thus, separation techniques can be considered as 
corner stones in scientific studies. 

[00031 The separation of components is made difficult if the mixture containing 
the analyte is a complex mixture. Good examples of complex mixmres include 
media of biological fermentation, cell cultures, transgenically produced milk, or 
slurries of transgenic plant matter, in which a specific analyte is desired and needs 
to be separated and purified. The separation of components in the complex mixture 
is usually accomplished by affinity separation techniques. The affinity separation 
technique usually involves contacting the mixture with a solid phase having a 
functionality specifically designed to bind to the analyte, but be substantially non- 
reactive with other components in the mixture, thereby leaving the other 
components free to be removed. After the non-bound components are removed, 
e.g. by washing the solid phase with water or buffer, the analyte is left behind 
bound to the solid phase, so the analyte is separated from the non-bound 
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components. The analyte is then isolated by separating the analyte from the solid 
phase, usually by a buffer change, to recover the analyte as free molecules. 
[0004] Classes of valuable "affinity" techniques for purification have been 
developed. These techniques have many names, affinity chromatography, affinity 
precipitation, immunoaffinity separation, etc., but they all rely on the same 
principles, that is, a specific functionality or binding moiety is chemically attached 
to a solid support that binds very selectively to the target analyte. The most 
common binding moieties for protein purification are other proteins such as Protein 
A or Protein G, or monoclonal antibodies, chelated metals ions, polypeptides, or 
small organic molecules. Monoclonal antibodies can be especially attractive for 
protein purification because they can be highly selective for the target protein. As 
indicated above, the mixture that contains the analyte is allowed to contact the 
affinity solid support with the binding moiety attached. The analyte binds to the 
binding moiety on the support and the rest of the mixture is removed. The analyte 
is then removed from the binding moiety by elution, usually achieved by changing 
the solvent. Very high purification factors can be realized. There is extensive 
literature on affinity techniques '■^ 

[0005] Recent developments in the selection and production of monoclonal 
antibodies have made the affinity technique based on the monoclonal antibody as the 
binding moiety a very powerful technique for the purification of proteins and 
biopharmaceuticals. Monoclonal antibodies are proteins themselves that are often 
purified from cell culture or fermentation using affinity purification that uses Protein 
A or Protein G as the ligand. New small organic Protein A mimetics have also been 
described as useful ligands for monclonal antibody purification. 
[0006] Although affinity purification has proven to be a powerful technique, its 
full potential has not been fully realized. It is most commonly practiced where the 
support is formed into small beads, on the order of 0.05 to 0.5 mm or so, and the 
beads, often referred to as media, are loaded into a chromatography column. The 
mixture to be purified is then passed through the column and the analyte binds to the 
binding moiety attached to the media. The column is then washed extensively to 



remove the occluded mixture. An elution solvent is then passed through the column 
liberating the analyte in solution. On a large-scale, this process requires that the 
media have good physical strength to handle the weight and turbulence encountered 
in column applications. 

[0007] Certain supports currently used in affinity separations, whether as column 
chromatography or some other system, are low surface area materials, such as 
carbohydrate-based materials or polymers. These low surface area supports can 
have low capacity. Because of the low capacity, relatively large loadings of media 
are needed to recover the target species. But, with large loadings of media, flow 
rates over the column are restricted to low rates due to pressure drop considerations. 
Column chromatography can also be practiced under high pressure where smaller 
beads are used to increase the capacity of the media. Because these beads must have 
higher strength to handle the pressure, carbohydrate gels are cross-linked, thereby 
lowering the capacity of the resulting beads. Therefore, there is a need to provide 
affinity supports with high capacity and which are further physically robust when 
used in high pressure liquid chromatography. 

[0008] Developing high surface area supports is one approach to obtaining high 
capacity affinity separation media. With a higher capacity material, smaller 
amounts of the affinity support is needed to recover the target species, column 
pressure drops are lower, flow rates are higher, and there is less occluded feed 
contamination. High surface areas could range from 10 - 500 m^/g. Materials that 
can provide high surface area are silica gels, silicas, aluminas, zirconias, 
carbohydrates, and polymeric materials such as macropore acrylic beads. In the 
case of silica gels, surface areas can vary from very low, 1 mVg, to very high, in 
excess of 800 m^/g, with pore size modes from very low, less that 25 A to in excess 
of 1500 A. Furthermore, inorganic oxide-based materials are usually much more 
physically robust than the softer carbohydrate based supports. 
[0009] When used as media in affinity separation techniques with a binding 
moiety attached, these oxide based materials, while having the requisite high surface 
area, can suffer from a high degree of non-selecUve binding of unwanted materials. 



Not all of the surface area will be used for the affinity separation; some will 
actually provide surface regions for non-selective adsorption. It is well known that 
proteins bind very strongly to silica for instance, sometimes irreversibly and non- 
selectively. Therefore, while the binding moiety can be very selective, the unused 
regions of the surface will be non-selective. The net effect is to lower the selectivity 
of the high surface area materials, thereby reducing the purification factors of the 
overall process. This non-selective adsorption by many oxide supports, and 
especially silicas such as silica gels, is the reason these materials are currently not 
used extensively as affinity separation supports. 

[0010] One of the objectives of this invention to describe a surface composition 
to be applied to high surface area materials which improve the non-selective 
adsorption while retaining the high capacity for the selective affinity binding. 
[0011] Such compositions will have great value in "affinity separations" from 
complex biological mixmres where specific biological species, such as proteins, are 
synthesized by genetically engineered organisms. For instance the complex mixmre 
might be a fermentation broth for cellular or bacterial production of a target protein. 
The fermentation broths are complex mixtures of proteins, carbohydrates, etc., that 
support the organism growth, as well as by products produced by the fermentation. 
The target species can also be produced from the fermentation and is produced by 
the organism into the broth. In some cases, the target species is produced in the 
cell. Recovery is therefore complicated by the fact the cells need to be 
homogenized and the target dissolved. These mixtures are particularly insidious for 
target species isolation and purification. Separation and purification schemes for the 
isolation and purification of the target species from fermentation broths are very 
complicated and expensive. The cost of isolation and purification is especially 
significant as the large-scale producfion. Because of the challenging nature of this 
problem, the field of purification and isolation is extensive. 



SUMMARY OF THE INVENTION 

[0012] The solid composition of the invention comprises an inorganic substance 
and moiety R.o located on at least one surface of said inorganic substance, wherein 
said inorganic substance is an inorganic oxide 
and said R,o group is an entity selected from the group consisting of 
-CH.OH, -CH(OH)„ -CH(0H)CH3, -CH,CH,OH, -C(OH),CH3, 
-CHzCHCOH)^ and -CH(OH)CH2(OH). 
[0013] When R,o is an entity selected from the group consisting of -CHpH, 
-CH(OH)„ -CH(OH)CH3, -CH,CH,OH, -C(OH),CH3, -CH,CH(OH), and 
-CH(OH)CH2(OH), the solid support possesses a distinctive characteristic of having 
reduced non-specific binding of any non-analyte components in a complex mixmre. 
The members of R.o have a common property of having zero electric charge and 
being hydrophilic. Without being held to any particular theory, it is believed that 
when the solid support has any of the R,o entities, i.e. -CH^OH, -CH(OH)2, 
-CH(OH)CH3, -CH.CHPH, -C(OH),CH3. -CH,CH(OH), and -CH(OH)CH,(OH). 
located on its surface, the binding of the non-analyte component in the mixmre to 
the surface has an entropy change lower than the remaining non-analyte component 
in the mixmre's aqueous phase. Binding of any component, e.g., non-analyte or 
analyte component, from a solution to a surface involves a lowering of entropy due 
to localization of the non-analyte on the surface. In order for binding to be 
favorable, there has to be an interaction between non-analyte and surface, such as a 
Columbic charge interaction or hydrophobic interaction, to overcome the lowering 
of entropy due to surface localization. Coating with any one of or any mixtore of 
the entities for R.o, however, produces a hydrophilic surface, as well as a surface 
having a zero net charge which reduces interaction necessary for reducing entropy 
and accordingly reduces non-binding of non-analyte. 

[0014] Also within the scope of the present invention are solids comprising the 
inorganic substance, moiety R,o located on at least one surface of the inorganic 
substance and at least one binding moiety capable of binding analyte. The moiety 
R,o is preferably located on a portion of the inorganic oxide's surface and on the 



remainder of the surface is located binding moiety. The binding moiety is selected 
to provide bonding to a particular analyte and provides the highly selective binding 
for affinity separations, while the surface coated with R,o groups reduces non- 
selective binding of other species. In preferred embodiments, a significant, if not a 
large majority, of the inorganic oxide surface is covered by R,o groups, e.g., at 
concentrations of about 1 to 10 groups per nm^ substrate, and the remainder covered 
by the binding moiety. 

[00151 Also within the scope of the invention is a solid comprising the inorganic 
substance in which binding moiety is optionally located on the inorganic oxide 
surface through a linker. The linker can be located on the inorganic oxide surface 
by reacting a linker compound with the inorganic oxide and then subsequently 
reacting the linker with the binding moiety. Accordingly, the invention 
contemplates inorganic substances comprising linker groups and R,o moieties located 
on its surface. This solid in mrn can be transferred to an end user who can attach a 
specifically designed binding moiety to the linker for use in a separation. 

BRIEF DESCRIPTION OF THE DRAWING 

[0016] Figure 1 schematically depicts the composition of this invention 
comprising the inorganic substance, R,o surface moieties, the optional linker, 
binding moiety and analyte. 

[0017] Figure 2 shows the results of Examples 1 and 2, with lanes 2 and 7 
representing Pharmacia 3.6-9.3 Broad pl Standard, lanes 3 and 4 representing 
Example 1 and lanes 5 and 6 representing Example 2. This figure illustrates non- 
specific binding of untreated conventional inorganic oxides. 
[0018] Figure 3 shows the results of Examples 3-5. 

[0019] Figure 4 shows the results of Examples 6-8 and is illustrative of the 
invention. 

[0020] Figures 5-8 contain results from analyses conducted to characterize a 
particular embodiment of the invention (Example 8), with Figure 5 showing the 
diffuse reflectance IR spectrum of Example 8, Figure 6 showing the same spectrum 
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for the composition prepared in Example 7 for comparison, Figure 7 showing the 
MAS Si^' NMR spectrum of Example 8, and Figure 8 showing the X-ray 
photoelectron spectrum, XPS, of Example 8. 
[0021] Figure 9 shows the XPS spectrum of Example 7. 

[0022] Figure 10 shows the chromatogram of the loading, wash and elution from 
a column prepared in Example 9 using the invention after attachment of binding 
moiety. 

[0023] Figure 1 1 depicts the absorbance at 280 nm of the effluent from the size 
exclusion chromatography of purified rabbit polyclonal IgG obtained from the eluent 
of the affinity chromatography conducted in Example 9. 

[0024] Figure 12 depicts the absorbance at 280 nm of the effluent from the size 
exclusion chromatography of the starting rabbit polyclonal IgG that was spiked into 
a cell broth in Example 9. 

[0025] Figure 13 depicts the preparation of a coating agent that yields -CH^OH 
as R,o, from reaction illustrated in Figure 14. 

[0026] Figure 14 shows the preparation of silica having R,o attached via a silicon 
atom which is not a part of the silica, in which R,o is -CH.OH, so that -Si-CH,OH is 
directly attached to the silica (HO-Si- represents a silanol group on the surface of 
silica). 

[0027] Figure 15 depicts the preparation of a coating agent that yields -CH(OH) , 
as R,o, from reaction illustrated in Figure 16. 

[0028] Figure 16 shows the preparation of silica having R,o indirectly attached 
via a silicon atom which is not a part of the silica, so that -Si-R,o groups are 
attached to the silica's surface, in which R, is -CH(OH), (HO-Si- represents a 
silanol group on the surface of silica). 

[0029] Figure 17 shows the preparation of a coating agent that yields 
hydroxyethyl as R.o, from reaction illustrated in Figure 18. 

[0030] Figure 18 shows a method for the preparation of a solid comprising silica 
and -Si-R,o groups attached to the surface of the silica, i.e. R,e is indirectly attached 
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via a silicon atom which is not a part of the silica to the silica surface, wherein R,o 
is 1,2-dihydroxyethyl. 

[0031] Figure 19 shows another method for preparing a solid comprising silica 
and -Si-R,o groups attached to the surface of the silica, i.e. R,o is indirectly attached 
via a silicon atom which is not a part of the silica to the silica surface, wherein R,o 
is 1,2-dihydroxyethyl. 

[0032] Figure 20 shows an embodiment of the present invention in which -Si-R,(, 
groups are crosslinked when attached to the surface of silica, wherein R,o is 
hydroxymethyl (HO-Si— represents a silanol group on the surface of silica). 
[0033] Figure 21 shows the preparation of a coating agent that would lead to the 
-Si-R,o group attaching to the surface of silica at a single point, wherein R,o is 
hydroxymethyl, resulting from the reaction illustrated in Figure 22. 
[0034] Figure 22 depicts an embodiment of the present invention in which the - 
Si-R,o group is attached to the surface of silica at a single point, wherein R,o is 
hydroxymethyl (HO-Si— represents a silanol group on the surface of silica). 

DETAILED DESCRIPTION OF THE INVENTION 
Inorganic Substance 

[0035] Inorganic substances suitable for making the invention include those 
products commercially available as chromatographic media. These substances can 
be prepared using methods known in the art. The inorganic substance can also be 
considered a support for the binding moiety later described below and from time to 
time the inorganic substance is referred to herein as a "support." In general, the 
inorganic substance of the present invention is an inorganic oxide, more suitably an 
inorganic metal oxide, silicate or aluminosilicate. Inorganic metal oxide is 
preferred. Inorganic oxides suitable for this invention have free hydroxy 1 groups 
capable of bonding to or reacting with other chemical functionalities. It is through 
those hydroxy 1 groups that R,o surface moieties and binding moieties and/or linkers 
are reacted or bonded. In general, suitable inorganic oxides include those having 
about 1 to about 10 hydroxyl groups per square nanometer of solid inorganic oxide. 



-9- 



[0036] Examples of the preferred inorganic metal oxide include silica such as 
chromatographic grade silica or silica gel, alumina, silica-alumina, zirconia, 
zirconate, controlled pore glass or titania. The inorganic metal oxide preferably is 
silica, more preferably chromatographic grade silica or silica gel. Magnetically 
responsive inorganic metal oxides, such as siliceous oxide-coated magnetic particles 
disclosed in WO 98/31461 (the disclosure of which is incorporated by reference) are 
also suitable. Mixed inorganic metal oxides, e.g. cogels of silica and alumina, or 
coprecipitates can also be used. Solids prepared from sodium silicate are examples 
of a suitable silicate and zeolite is an example of a suitable aluminaosilicate. The 
solid of the present invention can be in a physical form of particulates, fibers and 
plates . 

Surface Moieties (R,o) 

[0037] As indicated earlier, R,o groups are selected from the group consisting of 
-CHPH, -CH(OH)„ -CH(OH)CH3, -CH,CH,OH, -C(OH),CH3. -CH^CHCOH), and 
-CH(OH)CH2(OH). R|o preferably is an entity selected from the group of -CH^OH, 
-CH(OH)CH3, -CH^CHPH, and -CH(OH)CH2(OH). More preferably, R,o is an 
entity selected from the group of -CH^OH, -CH(OH)CH3 and -CH.CHpH. Most 
preferably R,o is -CH2OH. 

[0038] The moiety R,o is located on at least one surface of the inorganic 
substance. By "located" it is meant R,o can be attached directly to a functionality on 
the surface of the starting inorganic substance. R,o can be located on surface area 
present on the periphery of the inorganic substance, or located on surface area 
presented in pores which penetrate into the interior of the inorganic substance and 
have (pore) openings on the substance's periphery. 

[0039] R,o can also be "located" on the surface of the inorganic substance by 
being attached to the inorganic substance surface via bivalent moiety or atom (-X-) 
to form a group having the formula -X- R.o- The bivalent moiety or atom linking 
R,„ in this embodiment is not present in the composition of the starting inorganic 
substance prior to reaction of the substance with the reactant. The moiety or atom 
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can be from a reactant employed to create R,o, e.g., a residual metal atom (e.g. 
silicon atom), originating from a silane reactant. The residual moiety or atom is 
attached directly to said inorganic substance, and preferably through hydroxy 1 
groups on the surface of the inorganic substances. The -X- group in such reactants 
vary from reactant to reactant, but can be metal atoms or other chemical moieties. 
For example, X can be derived from metal atoms such as silicon, aluminum, 
zirconium or the like. The inorganic substance selected may also determine the 
selection of -X-and its associated reactant. Generally, any reactant containing -X- 
will be that which can react with reactive functionality on the inorganic substance. 
In the case of inorganic oxides , suitable reactants typically are those capable of 
reacting with hydroxy 1 groups. 

[0040] The chemistry of reacting compounds, e.g., those capable of creating R|o, 
with the inorganic substances is known in the art, e.g., Smith, Organic Synthesis, 
John Wiley & Sons, 1994; March, Advanced O rganic Chemistry. John Wiley & 
Sons, Fourth Edition, 1992; Larock, Comprehens ive Organic Transformations, 
John Wiley & Sons, Second Edition, 1999; Greene et al. Protective Groups in 
Organic Svnthesis . John Wiley & Sons, Third Edition, 1999; Brook, Silicon in 
Organic. Orf?anometallic- and Polvmer Chemistry . John Wiley & Sons, 2000; 
Hermanson et al, Tmmobilized Affinity Li pand Techniques. 1992; Weetall, 
"Covalent Coupling Methods for Inorganic Support Materials", in Methods in 
Enzvmology . vol. XLIV, edited by K. Mosbach, pp. 134-148, 1976; Abbott, US 
4,298,500; and Arkles, US 5,371,262; the disclosures of these documents are 
herein incorporated by reference. For example, a solid comprising R,o groups 
located on the inorganic substance's surface can be prepared from a reactant or 
coating agent such as alkoxysilane, dialkoxysilane or trialkoxysilane bearing a 
precursor group of R,o. For instance, acetoxymethyl can be the precursor group of 
hydroxymethyl. The coating agent is then allowed to react with the surface of the 
inorganic substance, followed by hydrolysis of the precursor to produce an 
inorganic substance having R,o groups attached. 
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[0041] A method for preparing silica having -CH.OH as R.o located on the silica 
surface is shown in Figures 13 and 14. Figure 13 depicts the preparation of a 
coating agent, acetoxymethyltriethoxysilane (see Compound (2)), for introducing 
Si-R,o groups to silanol groups at the surface of silica, i.e. HO-Si-, in which R,o is 
hydroxymethyl (see the reactions presented in Figure 14, in which Compound (5) is 
silica having Si-R,o directly attached at the surface wherein R,o is hydroxymethyl). 
In other words, in Figure 14, a method is shown for introducing R,o groups to the 
surface of silica via a Si atom which is an example of the residual moiety or atom X 
described above as being residual from the reactant and which is not a part of the 
starting inorganic substance. 

[0042] A method for the preparing silica comprising R,o, wherein R,o is 
-CH(OH)2 is shown in Figures 15 and 16. Figure 15 depicts the preparation of a 
coating agent, diacetoxymethyltriethoxysilane (see Compound (7)), for introducing 
-CH(OH), groups as the R,o group to the surface of silica (see the reactions and 
Compound (9) presented in Figure 16). 

[00431 Figure 17 shows a method for preparing a coating agent, 
acetoxyethyltriethoxysilane (see Compound (11)), for introducing 2-hydroxyethyl to 

the surface of silica. 

[00441 Two methods for the preparation of a solid comprising silica and 
1,2-dihydroxyethyl as R,o groups attached to the surface of the silica are depicted in 
Figures 18 and 19. 

[00451 Also, within the scope of the present invention are solids comprising the 
inorganic substance having R,o groups attached to a surface of the solid via a 
residual metal (e.g.. Si) from the silane reactant wherein each resulting Si-R,o group 
is attached to the inorganic substance via three covalent bonds (e.g. see the final 
products of the reaction schemes in Figures 14, 16, 18 and 19, resulting from the 
reaction of a coating agent having three silanol groups). 

[00461 As seen in Figures 21 and 22, it is also believed coating agents can be 
selected so that residual atoms can also be attached to the inorganic substance via 
one or two covalent bonds, or that certain embodiments comprise crosslinking of the 
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Si atoms. Such crosslinking can be a Si-O-Si linkage or another linkage such as 
Si-0-C(0)-0-Si, Si-O-alkylene-O-Si or Si-O-C(O)-alkylene-O-Si). The final 
product, i.e. Compound (20), of the reaction scheme in Figure 22 illustrates an 
embodiment of the solid of the present invention in which Si-R,o group has a single 
point of attachment to the surface of the silica. That embodiment is prepared from a 
reaction of the solid inorganic substance and mono-ethoxysilane (see Figure 21 for 
the preparation of the coating agent which is a mono-ethoxysilane). 



Binding Moiety 

[00471 The solid of the present invention can further comprise at least one 
binding moiety which is attached to, optionally via a linker, or otherwise located on 
the surface of said inorganic substance. The binding moiety is any molecule or 
molecule fragment capable of binding to another moiety or molecule-based analyte, 
e.g., binding through hydrophobic interaction, covalent bonding or Columbic 
interaction. Such moieties are well known to those skilled in the separations 
industry. Moieties typically used in the bioseparations industry include (e.g. biotin, 
avidin and streptavidin), namral or unnatural protein, peptide, antigen and nucleic 
acid. As the binding moiety of the solid of the present invention, the protein is 
preferably a receptor or antibody. 

[0048] It is also preferred that, in the solid of the present invention, the binding 
moiety is ligand, a receptor, antibody, antigen, DNA or RNA, including 
hybridization probes for nucleic acids. When the ligand is avidin or streptavidin, 
the analyte can be biotin or biotinylated, and vice versa. 

[00491 The binding moiety is attached to the inorganic substance using methods 
known in the art (e.g. Hermanson et al. Immobilized Affinity Ligand Techniques, 
Academic Press, 1992 and the other references cited earlier with respect to attaching 
R,o moieties). In solids comprising inorganic oxides, the binding moiety can be 
attached via a reaction with surface functional groups, e.g., hydroxy 1, on the 
starting inorganic oxide. 



- 13 - 



i. s 

Hi 
t.. i 'i 



■a »" 



[0050] Alternatively, the binding moiety can be attached to the inorganic 
substance via a linker. The linker can be a bivalent chemical group, which is 
optionally substituted. The optionally substituted bivalent chemical group can 
comprise n -R- groups, with n being the number of -R- groups, n being an integer of 
at least 1, preferably not larger than 30, and more preferably not higher than 15. 
More typically, the bivalent chemical group is about 1 to about 30 atoms, preferably 
about 1 to about 20 atoms, more preferably about 5 to about 15 atoms, in length 
measured from the binding moiety to the inorganic substance. The chemical group 
-R- can be selected from the group consisting of -C(R,)H-, -C(R2) = C(R3)- and 
-C=C-, where R,, R2 and R3 independently being H, alkyl, substituted alkyl, 
cycloalkyl, substituted cycloalkyl, alkenyl, substituted alkenyl, cycloalkenyl, 
substimted cycloalkenyl, alkynyl, substituted alkynyl, cycloalkynyl. substituted 
cycloalkynyl, aryl, substimted aryl, aralkyl or substimted aralkyl, said -R- group 
optionally replaced with -0-, -S-, carbonyl, thiocarbonyl, -0C(0)-, -C(0)0-, 
-SC(0)-, -C(0)S-, -OC(S)-, -.C(S)0-, -C(S)S-, -SC(S)-, -N(R4)-, -N(R4)C(0)-, 
-C(0)N(R4)-, -C(R,) = N-, -N=C(R,)-,-C(R,) = NO-, -0N=C(R3)-, -P-, -P(OH)0-, 
arylene, substituted arylene, cycloalkylene, substituted cycloalkylene, 
cycloalkenylene, substituted cycloalkenylene, bivalent heterocyclyl or bivalent 
substituted heterocyclyl, where R, and R^ independently being H, alkyl, substimted 
alkyl, cycloalkyl, substimted cycloalkyl, alkenyl, substimted alkenyl, cycloalkenyl, 
substimted cycloalkenyl, alkynyl, substimted alkynyl, cycloalkynyl, substimted 
cycloalkynyl, aryl, substimted aryl, aralkyl or substimted aralkyl. Illustrative of the 
chemical group is "hydrocarbyl" comprising n -R- groups and wherein n is 
described above, at least one -R- group is -CH^- and (n-l)-R- groups are 
optionally replaced with the R groups mentioned above, e.g., -0-, -S-, etc. 
[0051] "Substituted" is used herein to mean containing pendent substiment 
groups that do not alter the predominant chemical character of the substimted R 
group, e.g., hydrocarbon character for hydrocarbyls. 
[0052] The term "alkyl" refers to a samrated branched or unbranched 
hydrocarbyl radical, preferably those of 1 to 30, more preferably 1 to 20 and even 
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more preferably 1 to 6, carbon atoms. Examples of "alkyl" include methyl, ethyl, 
n-propyl, isopropyl, n-butyl, sec-butyl, isobutyl, tert-butyl, n-pentyl, 1-methylbutyl, 
2-methylbutyl, isopentyl, neopentyl, l.l-dimethylpropyl, n-hexyl, 1-methylpentyl, 
2-methylpentyl, 3-methylpeniyl, 1,1-dimethylbutyl, 2,2-dimethylbutyl, isohexyl and 
neohexyl. The term "cycloalkyl" refers to a saturated cyclic hydrocarbyl radical, 
preferably of 3 to 10, and more preferably 3 to 6, carbon atoms. Examples of 
"cycloalkyl" include cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, 
bicycloheptyl and decalin. "Alkenyl" is a branched or unbranched hydrocarbyl 
radical having at least one C=C bond, wherein the hydrocarbyl radical is preferably 
of 2 to 30, more preferably 2 to 20 and even more preferably 2 to 6, carbon atoms. 
Examples of "alkenyl" include vinyl, allyl, 1-propenyl, isopropenyl, 2-butenyl, 
1,3-butadienyl, 3-pentenyl and 2-hexenyl. "Cycloalkenyl" refers to a cyclic 
hydrocarbyl radical, preferably of 3 to 10, preferably 3 to 6, carbon atoms having at 
least one C=C bond. "Alkynyl" is a branched or unbranched hydrocarbyl radical, 
preferably of 2 to 30, more preferably 2 to 20 and even more preferably 2 to 6, 
carbon atoms having at least one -C-C- bond. Examples of "alkynyl" include 
ethynyl, 1-propynyl, 2-propynyl, 2-butynyl, 3-butynyl and 2-penten-4-ynyl. 
"Cycloalkynyl" is a cyclic hydrocarbyl radical preferably of 3 to 10, more 
preferably 3 to 6, carbon atoms having at least one -C=C- bond. Examples of 
"cycloalkynyl" include pentynyl and hexynyl. "Aryl" is an aromatic cyclic 
hydrocarbyl radical, preferably of 6 to 14 carbon atoms. Examples of "aryl" 
include phenyl, naphthyl, anthracyl and phenanthryl, with phenyl being the 
preferred aryl. "Aralkyl" is an alkyl radical substimted with one or more aryl 
radical. 

[00531 Examples of "aralkyl" include benzyl, phenethyl, diphenylmethy and 
trityl, with benzyl being the preferred aralkyl. "Bivalent heterocyclyl" are bivalent 
cyclic radicals typically having 3 to 10, preferably 3 to 7, more preferably 4 to 6, 
ring atoms with 1 to 4 of the ring atoms being O, S or N atoms, or mixture of O, S 
and/or N atoms. Examples of bivalent heterocyclyl include bivalent radicals of 
thiirene, oxirane, aziridine, l//-azirine, 2/?-azirine, 2//-thiete, thietane, 2//-oxete, 
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oxetane, azete, azetidine, 1,2-oxazetidine, thiophene, fiiran, pyrrole, imidazole, 
oxazole, isoxazole, thiazole, isothiazole, pyrazole, 1,3-dioxolane, 1,2,3-thiadiazole, 
1,3,4-thiadiazole, 1,2,4-thiadiazole, 1,2,3-oxadiazole, 1,2,4-oxadiazole, 1,3,4- 
oxadiazole, 1,2,5-oxadiazole, 1,2,3-triazole, 1,2,4-triazole, tetrazole, oxadiazole, 
pyridine, quinoline, isoquinoline, quinolizine, quinazoline, pteridine, carbazole, 
benzoxazole, 1,3-oxazine, 2//-l,3-oxazine, phenazine, phenothiazine, pyridazine, 
pyrimidine, pyrazine, benzo[Z>]furan, benzo[&] thiophene, indole, isoindole, 
indazole, purine, isobenzofuran, tetrahydroftiran, 1,4-dioxane, pyrrolidine, 
tetrahydropyran, 1,2-dihydropyridine, 1,4-dihydropyridine, piperidine, piperazine, 
morpholine, thiomorpholine, chroman, isochroman, chromene, l//-azepine, 
3//-azepine, 1,2-diazepine, 1,3-diazepine, 1,4-diazepine, triazepines and azocine. 
"Heteroaryl" refers to aromatic heterocyclic radicals. "Alkylene", "alkenylene", 
"alkynylene", "cycloalkylene", "cyclalkenylene" and "arylene" are bivalent 
equivalents of the alky, alkenyl, alkynyl, cycloalkyl, cycloalkenyl and aryl radicals, 
respectively. 

[0054] "Substituted alkyl" is an alkyl substimted with 1 to 5, preferably 1 to 3, 
substituents selected from the group consisting of hydroxy, sulfydryl, alkoxy, 
alkylthio, amino, alkylamino, dialkylamino, arylamino, N,N-arylalkylamino, 
diarylamino, azido, amidino, ureido, fluoro, chloro, bromo, iodo, nitro, cyano, acyl 
(preferably acetyl and benzoyl), thioacyl, alkylsulfinyl, alkylsulfonyl, 
alkylsulfonamido, alkylsulfamoyl, carboxyl, alkylcarbonyloxy (preferably acetoxy), 
arylcarbonyloxy (preferably benzoyloxy), alkoxycarbonyloxy, aryloxycarbonyloxy, 
carbamoyl, aryl (preferably phenyl), styryl, cycloalkyl, cycloalkenyl and 
heterocyclyl (preferably heteroaryl). 

[0055] "Substimted alkenyl" is an alkenyl substituted with 1 to 5, preferably 1 to 
3, substiments selected from the group consisting of hydroxy, sulfydryl, alkoxy, 
alkylthio, amino, alkylamino, dialkylamino, arylamino, N,N-arylalkylamino, 
diarylamino, azido, amidino, ureido, fluoro, chloro, bromo, iodo, nitro, cyano, acyl 
(preferably acetyl and benzoyl), thioacyl, alkylsulfinyl, alkylsulfonyl, 
alkylsulfonamido, alkylsulfamoyl, carboxyl, alkylcarbonyloxy (preferably acetoxy). 
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arylcarbonyloxy (preferably benzoyloxy), alkoxycarbonyloxy, aryloxycarbonyloxy, 
carbamoyl, aryl (preferably phenyl), styryl, cycloalkyl, cycloalkenyl and 
heterocyclyl (preferably heteroaryl). 

[0056] "Substituted alkynyl" is an alkynyl substituted with 1 to 5, preferably 1 to 
3, substituents selected from the group consisting of hydroxy, sulfydryl, alkoxy, 
alkylthio, amino, alkylamino, dialkylamino, arylamino, N,N-arylalkylamino, 
diarylamino, azido, amidino, ureido, fluoro, chloro, bromo, iodo, nitro, cyano, acyl 
(preferably acetyl and benzoyl), thioacyl, alkylsulfmyl, alkylsulfonyl, 
alkylsulfonamido, alkylsulfamoyl, carboxyl, alkylcarbonyloxy (preferably acetoxy), 
arylcarbonyloxy (preferably benzoyloxy), alkoxycarbonyloxy, aryloxycarbonyloxy, 
carbamoyl, aryl (preferably phenyl), styryl, cycloalkyl, cycloalkenyl and 
heterocyclyl (preferably heteroaryl). 

[0057] "Substituted cycloalkyl" is a cycloalkyl substituted with 1 to 5, preferably 
1 to 3, substituents selected from the group consisting of alkyl, alkenyl, alkynyl, 
aralkyl, hydroxy, sulfydryl, alkoxy, alkylthio, amino, alkylamino, dialkylamino, 
arylamino, N,N-arylalkylamino, diarylamino, azido, amidino, ureido, fluoro, 
chloro, bromo, iodo, nitro, cyano, acyl (preferably acetyl and benzoyl), thioacyl, 
alkylsulfmyl, alkylsulfonyl, alkylsulfonamido, alkylsulfamoyl, carboxyl, 
alkylcarbonyloxy (preferably acetoxy), arylcarbonyloxy (preferably benzoyloxy), 
alkoxycarbonyloxy, aryloxycarbonyloxy, carbamoyl, aryl (preferably phenyl), 
styryl, cycloalkyl, cycloalkenyl and heterocyclyl (preferably heteroaryl). 
[0058] "Substimted cycloalkenyl" is a cycloalkenyl substimted with 1 to 5, 
preferably 1 to 3, substituents selected from the group consisting of alkyl, alkenyl, 
alkynyl, aralkyl, hydroxy, sulfydryl, alkoxy, alkylthio, amino, alkylamino, 
dialkylamino, arylamino, N,N-arylalkylamino, diarylamino, azido, amidino, ureido, 
fluoro, chloro, bromo, iodo, nitro, cyano, acyl (preferably acetyl and benzoyl), 
thioacyl, alkylsulfmyl, alkylsulfonyl, alkylsulfonamido, alkylsulfamoyl, carboxyl, 
alkylcarbonyloxy (preferably acetoxy), arylcarbonyloxy (preferably benzoyloxy), 
alkoxycarbonyloxy, aryloxycarbonyloxy, carbamoyl, aryl (preferably phenyl), 
styryl, cycloalkyl, cycloalkenyl and heterocyclyl (preferably heteroaryl). 
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[0059] "Substituted cycloalkynyl" is a cycloalkynyl substituted with 1 to 5, 
preferably 1 to 3, substituents selected from the group consisting of alkyl, alkenyl, 
alkynyl, aralkyl, hydroxy, sulfydryl, alkoxy, alkylthio, amino, alkylamino, 
dialkylamino, arylamino, N,N-arylalkylamino, diarylamino, azido, amidino, ureido, 
fluoro, chloro, bromo, iodo, nitro, cyano, acyl (preferably acetyl and benzoyl), 
thioacyl, alkylsulfinyl, alkylsulfonyl, alkylsulfonamido, alkylsulfamoyl, carboxyl, 
alkylcarbonyloxy (preferably acetoxy), arylcarbonyloxy (preferably benzoyloxy), 
alkoxycarbonyloxy, aryloxycarbonyloxy, carbamoyl, aryl (preferably phenyl), 
styryl, cycloalkyl, cycloalkenyl and heterocyclyl (preferably heteroaryl). 
[0060] "Substituted aryl" is an aryl substituted with 1 to 5, preferably 1 to 3, 
substituents selected from the group consisting of alkyl, alkenyl, alkynyl, aralkyl, 
hydroxy, sulfydryl, alkoxy, alkylthio, amino, alkylamino, dialkylamino, arylamino, 
N,N-arylalkylamino, diarylamino, azido, amidino, ureido, fluoro, chloro, bromo, 
iodo, nitro, cyano, acyl (preferably acetyl and benzoyl), thioacyl, alkylsulfinyl, 
alkylsulfonyl, alkylsulfonamido, alkylsulfamoyl, carboxyl, alkylcarbonyloxy 
(preferably acetoxy), arylcarbonyloxy (preferably benzoyloxy), alkoxycarbonyloxy, 
aryloxycarbonyloxy, carbamoyl, styryl, cycloalkyl, cycloalkenyl, aryl (preferably 
phenyl) and heterocyclyl (preferably heteroaryl). 

[0061] "Substituted heterocyclyl" is a heterocyclyl radical substimted with 1 to 5, 
preferably 1 to 3, substituents selected from the group consisting of alkyl, alkenyl, 
alkynyl, aralkyl, hydroxy, sulfydryl, alkoxy, alkylthio, amino, alkylamino, 
dialkylamino, arylamino, N,N-arylalkylamino, diarylamino, azido, amidino, ureido, 
fluoro, chloro, bromo, iodo, nitro, cyano, acyl (preferably acetyl and benzoyl), 
thioacyl, alkylsulfinyl, alkylsulfonyl, alkylsulfonamido, alkylsulfamoyl, carboxyl, 
alkylcarbonyloxy (preferably acetoxy), arylcarbonyloxy (preferably benzoyloxy), 
alkoxycarbonyloxy, aryloxycarbonyloxy, carbamoyl, aryl (preferably phenyl), 
styryl, cycloalkyl, cycloalkenyl and heterocyclyl (preferably heteroaryl). 
[0062] " Substimted arylene " , " substituted cycloalky lene " , " substimted 
cycloalkenylene", "substimted bivalent heterocyclyl" and "substimted aralkyl" are 
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bivalent equivalents of "substituted aryl", "substituted cycloalkyl", "substituted 
cycloalkenyl" and "substituted heterocyclyl" . 

[0063] The linkage connecting the chemical group -R- of the linker and 
inorganic substance depends on the chemistry employed to react the linker and 
inorganic substance. The linkage can be an ether, thioether, ester, thioester, 
carbonate, carbamate, phosphate, phosphonate, phosphoester, phosphoramidate, 
amine, amide, imide, urea, thiourea, sulfonamide, sulfoxide, sulfone, disulfide, 
oxime, O-acyl oxime, O-carbamoyl oxime, O-acyloxyalkyl oxime, O- 
acyloxyalkyloxy oxime, 0-oximinophosphate, 0-oximinophosphonate, O- 
oximinophosphoramidate or -C = C- linkage. The linkage connecting the chemical 
group -R- and binding moiety can also be one of the aforementioned linkages. 
[0064] The chemistry of reacting linkers to substances (e.g., inorganic 
substances) is well described in the literature (see Hermanson et al, Immobilized 
Affinity Ligand Techniques , 1992 and Weetall, Methods in Enzvmology, vol. 
XLIV, pp. 134-148, 1976). The particular chemistry for reacting linker to 
inorganic substances depends on the inorganic substance and linker employed. 
Likewise, the chemistry of reacting the linker to binding moiety depends on the 
linker and binding moiety employed. Specific examples of suitable linker/binding 
moiety coupling chemistry are shown in Table 1. According to Table 1, the binding 
moiety can be coupled to the linker via an amino, sulfhydryl, carbonyl or hydroxy 
group or an active hydrogen atom on the binding moiety. 
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TABLE 1 

Examples of Conventional Linker/Binding 
Moiety Coupling Chemistry 



T inkers Formed With 



i;; th 



Cyanogen bromide (CNBr) 
N-Hydroxy succinimide esters 
Carbonyl diimidazole 
Reductive amination 
FMP activation* 

EDC-mediated amide bond formation 



Organic sulfonyl chlorides: tosyl chloride and 
tresyl chloride 

Divinylsulfone 

Azlactone 

Cyanuric chloride (trichloro-s-triazine) 
lodoacetyl or bromoacetyl activation methods 
Maleimide 
Pyridyl disulfide 
Divinylsulfone 
Epoxy 
TNB-Thiol 



Binding Moietv Coupling Group 

Amino 
Amino 
Amino 
Amino 
Amino 
Amino 
Amino 



*** 



Hydrazide 
Reductive amination 
Epoxy (bisoxirane) 
Divinylsulfone 
Cyanuric chloride 
Diazonium compounds 
Mannich condensation 



Amino 

Amino 

Amino 

Sulfhydryl 

Sulfhydryl 

Sulfhydryl 

Sulfhydryl 

Sulfhydryl 

Sulfhydryl 

Carbonyl 

Carbonyl 

Hydroxy 

Hydroxy 

Hydroxy 

Active hydrogen 

Active hydrogen 



"FMP means 2-fluoro-l-methyl-pyridinium toluene-4 -sulfonate 
**EDC means l-ethyl-3-(3-dimethylaminopropyl) carbodiimide 
'"TNB-thiol means 2-iminothiolane 5,5-dithio-bis-(2-nitrobenzoic acid) 
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[0065] In making solid supports comprising linker groups, the order of creatmg 
linker groups in conjunction with adding R,o groups to the inorganic substance can 
vary. The R,o can be created on the inorganic surface after attaching the linker, or 
it can be created prior to reacting linker. Alternatively, precursors to either R,o or 
the linker or both can be created and/or attached, with the precursors later reacted 
to create the final R,o and/or linker. 

[0066] The concentration of linker groups on the inorganic surface can vary. In 
certain embodiments of the present invention, the binding moiety comprises large 
protein molecules which can "shadow" large regions of the support's surface area. 
As a result, the concentration of the linker sites on the support's surface does not 
need to be relatively high. The concentration can be optimized based on the size of 
the contemplated binding moiety/analyte complex. 

[0067] Factors that determine concentrations of R,o and binding moiety include the 
identity of R,o group and binding moiety, concentration of reactive sites on the 
inorganic substance, concentration of linker groups, and identity of analyte. 
[0068] In general, the concentration of R,„ can be in the range of about 1 to about 
10 groups per square nanometer (nm^) of support surface area, based on surface 
area measured by BET. In certain embodiments, the binding moiety concentration 
depends primarily on the analyte sought to be recovered when using the 
composition. As indicated above, the concentration of binding moiety can also 
depend on the concentration of any optional linker used. In general, however, the 
binding moiety can be in a concentration in the range of 0.04 to about 4 groups per 
square nanometer. In addition, binding moiety is not always attached to a linker on 
a one to one stoichiometry. In certain embodiments, e.g., when the binding moiety 
is prepared from a large protein molecule, the binding moiety can be attached by 
several linker groups. In other embodiments employing smaller binder moieties, 
less than stoichiometric amounts of binding moieties are used and any unreacted 
linker groups are "capped" to avoid interference when the invention is used for a 
separation. 
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[0069] The amount of R,o and binding moiety can also be stated in terms of how 
many functional groups on the starting inorganic substance are reacted or "covered" 
by the R,o, binding moiety, and/or or optional linker. For example, about 50% to 
about 99% of surface hydroxy groups of said inorganic substance can be covered 
with the R,o surface moieties and about 1 % to about 50% of the surface hydroxy 
groups can be covered with the binding moiety, optionally attached to the inorganic 
substance via the linker. 

[0070] In certain embodiments of the solid of the present invention, about 75 % 
to about 99% of the surface hydroxy groups of said inorganic substance is covered 
with the R,o surface moieties and about 1 % to about 25% of the surface hydroxy 
groups is covered with the binding moiety directly or indirectly attached to the 
inorganic substance via the linker. 

[0071] As indicated above, the solid of this invention comprising at least one 
binding moiety and R,o can be employed to isolate analytes known to bind to the 
binding moiety. Accordingly, the present invention encompasses a method of 
isolating an analyte mixed with at least one other component in a mixmre, said 
method comprising the following steps: 

1 contacting a solid of the present invention with said mixture, wherein 
the at least one binding moiety has a specific affinity for said analyte; 

2. allowing said analyte to bind to said at least one binding moiety; 

3 removing said at least one other component from the solid said 
analyte bound thereto; 

4. recovering the solid; and 

5. isolating the analyte from the solid. 

[0072] In an embodiment of the method of the present invention, the binding 
moiety is present in an amount sufficient to provide specific binding to a desired 
analyte. The at least one other component is removed in step (3) by washing the 
solid with a fluid and discarding the washate; and wherein said analyte is isolated in 
step (5) by placing an eluant on the solid and collecting the eluant. 
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[0073] In the method of isolating the analyte, it is preferred that about 50% to 
about 99 % of the hydroxy groups of a surface of said inorganic substance is covered 
with the surface moieties and about 1% to about 50% of the hydroxy groups of the 
surface is covered with the binding moiety directly or indirectly attached to the 
inorganic substance via the linker. 

[0074] The method of isolating the analyte further prefers that about 75 % to 
about 99% of the hydroxy groups of the surface of said inorganic substance is 
covered with the surface moieties and about 1 % to about 25 % of the hydroxy 
groups of the surface is covered with the binding moiety directly or indirectly 
attached to the inorganic substance via the linker. 

[0075] In a preferred embodiment of the method of isolating the analyte, said 
inorganic substance is a silica gel or chromatographic grade silica. More preferably 
the inorganic substance is silica gel. 

[0076] The present invention also includes a method of reducing nonspecific 
binding of impurity (impurities are non-analyte components, i.e. species other than 
the analyte, in a mixhire containing the analyte) to a solid comprising an inorganic 
substance, wherein said inorganic substance comprises at least one functional group 
to which non-specific binding occurs or which otherwise causes non-specific 
binding. The inorganic substance comprises the aforementioned inorganic oxide 
and the method comprises the following steps: 

1 . providing said solid; 

2. reacting said at least one functional group with reactant to create 
moiety R,o on at least one surface of the inorganic substance, wherein 
R,o is selected from the group consisting of -CH2OH, -CH(OH)2, 
-CH(0H)CH3, -CH^CH^OH, -C(OH)2CH3, -CH^CHCOH)^ and 
-CH(OH)CH2(OH). 

[0077] In the method of reducing non-specific binding, R,o is preferably an entity 
selected from the group consisting of -CH^OH, -CH(0H)CH3, -CH^CH^OH, and 
-CH(0H)CH2(0H). More preferably, R,o is an entity selected from the group 
consisting of -CH^OH, -CH(OH)CH3 and -CH^CH^OH. Most preferably, R,„ is 
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-CHjOH. R,o is present on the surface of the inorganic substance in sufficient 
amounts such that when the inorganic substance is contacted with a mixture 
comprising impurity, non-specific binding of the impurity to the solid is reduced. 
[0078] The method is particularly useful in reducing non-specific binding to 
inorganic metal oxides, silicates or aluminosilicate having hydroxy 1 functionality 
located on its surface. It is particularly useful for inorganic metal oxides such as 
silica (silica gel and chromatographic grade silica), alumina, silica-alumina, 
zirconia, zirconate, controlled pore glass, titania, coprecipitates and mixtures 
thereof. The method is also useful on magnetically responsive inorganic oxides 
(such as siliceous oxide-coated magnetic particles). 

[0079] There are three types of binding of proteins or other species to the 
support surface that must be considered to minimize the non-selective binding to the 
solid support. 

[0080] The surface charge of the support should be ideally zero at the operating 
pH of the adsorption. This is due to the fact that proteins carry a net charge due to 
the excess of -COOH or -NH^ groups in the protein. For a complex mixmre of 
proteins at about pH 7, if a protein in the mixture has an isoelectric point <7 it will 
have a net negative charge, and conversely if a protein in the mixture has an 
isoelectric point >7 it will have a net positive charge. An unreacted silica surface 
has an isoelectric point of about 2, so if it is contacted with a complex mixture at pH 
= 7 or so, it will have a strong negative charge, and therefore the proteins that are 
positively charge will adsorb non-selectively to the silica surface. This explains the 
strong non-selective binding of proteins to silica surfaces. Therefore, as stated 
above, the surface charge of the support should be ideally zero at the operating pH 
of the adsorption. 

[0081] The second type of binding interaction that should be minimized is 
hydrophobic bonding. Although weaker than electrostatic or dipole interactions at 
single sites, hydrophobic interactions become appreciable when it becomes 
collective between many adjacent sites. The hydrophobic interaction becomes 
dominant when the salt concentration of the solvent is relatively high. The ions of 
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the salt can interact with the charged surface, thereby "screening the charge" from 
the proteins. While the presence of high salt reduces the electrostatic interaction 
with the surface, hydrophobic interactions become dominant, if the surface has a 
hydrophobic character. Therefore, a hydrophobic surface composition should be 
avoided on the support to minimize this interaction. 

[0082] The third type of binding interaction of proteins to surfaces is hydrogen 
bonding, or a dipolar interaction. Interestingly, if the solvent is water, this 
interaction will favor the solvent over the surface due to entropy considerations. 
That is, if a protein has a "choice" to bind to a surface through hydrogen bonding 
or, remain in solution in the water system, which is also a hydrogen bonding 
interaction, the solution case is favored because of its higher entropy state. 
Therefore, for protein purification from aqueous solution, a surface that has a 
dipolar composition is favored to minimize non-selective binding. Such a surface is 
typically hydrophilic at low electrostatic charge density . 

[0083] It is believed that the invention addresses each of these three interactions 
and that one of the novel feamres of this invention is a surface composition that 
presents a hydrophilic surface with very low surface charge density for protein 
purification from water based systems. This surface composition is achieved by 
chemically modifying inorganic oxide based support, such as silica, preferably silica 
gels with the aforementioned R,o groups such as -CHjOU, -CH(0H)2, 
-CH(OH)CH3, -CH,CH,OH, -C(OH),CH3, -CH,CH(OH), and -CH(OH)CH,(OH), 
preferably -CH.OH, covering the surface. These R,,, groups are hydrophilic yet are 
very weak acids, meaning that these R,„ groups are essentially not disassociated at 
pH less than about 12 or so, and therefore are not charged. When a complex 
mixture of proteins are presented with this surface composition, charge interactions 
are minimized, yet hydrogen bonding interactions will favor the hydrogen bonding 
from the water solvent due to higher entropy state of the solvated protein over a 
protein hydrogen bonded to the surface. This surface composition will then 
minimize non-selective binding of unwanted proteins to the high capacity affinity 
support, yielding high purification factors at high capacity. 
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[0084] Also in the scope of the invention are solids comprising R,o moieties and 
at least one linker located on a surface of the inorganic substance. Such solids can 
be considered an intermediate which can be sold "as is" to a user of the solid. Prior 
to isolating a desired analyte, the user can then react a binding moiety to the linker 
group. The linker groups may also optionally be capped or otherwise in a precursor 
form which would require further chemistry before reacting it with a binding 
moiety. 

[0085] The following working examples are presented to illustrate some of the 
aspects of the present invention and should not be construed to limit the scope of the 
present invention. The present invention may be embodied in embodiments not 
illustrated by the Examples without departing from the spirit or essential attributes 
of the invention disclosed herein. For instance, the present invention can be 
practiced by one skilled in the art as described in the claims and any embodiments 
having elements equivalent to elements recited in the claims are included within the 
scope of the claimed invention. 

Examples 1 and 2 

Non-Soecific Rinding on Convent ional Silica Media 

[0086] These examples show that the neat uncoated charged silica surface of the 
prior art strongly adsorbs proteins based mostly on isoelectric point and the surface 
area of the silica. Two types of silicas were tested: Examples 1 and 2. Example 1 
was a low surface area silica gel with a surface area = 161 m^/g after 4 hours at 150 
°C heat treat (micropore = 73 m'/g; mesopore = 88 mVg, pore volume = 0.373 
cc/g, average pore diameter = 93 A). Example 2 was a higher surface area/pore 
volume silica gel, surface area = 253 m'/g after 4 hours at 150 °C heat treat 
(micropore = 35 mVg; mesopore = 218 mVg, pore volume = 2.445 cc/g, average 
pore diameter = 387 A). The examples below describe a procedure where the neat 
silica samples were contacted with a complex mixmre of proteins in aqueous 
solution. The resultant supernatant was then analyzed by isoelectric focussing gel 
electrophoresis for protein adsorption. 
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[0087] A vial (325 \ig protein / vial) of Pharmacia 3.6-9.3 Broad pi Calibration 
Kit (catalog # 17-0471-01) was dissolved in 200 jxl DI H2O in an eppendorf tube. 
0.005g of Example 1 was added. In another eppendorf tube, a vial (325 ng protein 
/ vial) of Pharmacia 3.6-9.3 Broad pi Calibration Kit (catalog # 17-0471-01) was 
dissolved in 200 iil DI H^O and then 0.005g of Example 2 was added. Both 
samples were stirred end over end for 1 hour. These samples were run subjected to 
3-9 Isoelectric Focussing Gel Electrophoresis on a Pharmacia PhastGel unit. The 
results are shown in Figure 2. 



Q Lane Description 

H 2, 7 Pharmacia 3.6-9.3 Broad pl Standard 

3,4 Example 1 

5,6 Example 2 



[0088] Figure 2 shows that bands (proteins) were missing from the samples that 
were contacted with Examples 1 and 2, which means that these proteins adsorbed to 
the silica surfaces. The high surface area silica, Example 2, adsorbed all of the 
proteins with isoelectric points greater than 5.9, while the lower surface silica. 
Example 1 adsorbed only proteins of higher pi. The data clearly show that uncoated 
silica binds proteins primarily through a strong electrostatic interaction, and that the 
surface is negatively charged at this pH (assumed to be around 5.5 or so). 



Examples 3.4. and 5 

Non-Selective Binding on Hvdrophobic Tre ated Supports 
[0089] These examples show that when the silica is coated with hydrophobic 
groups, methyl or octyl groups, strong adsorption occurs, especially at moderate 
ions strength of the solvent, "0.1 M salt. Example 3 was an uncoated neat 
commercial wide pore silica from W. R. Grace & Co., XWP-gel P 005, SA = 7 
m^/g, with 50 nm pore median that had been activated for 2 hours at 150 °C. 
Example 4 was the silica of Example 3 that had been coated with methyl groups, 
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described below. Example 5 was the silica of Example 3 that had been coated with 
octyl groups, described below. Example 4 was prepared as follows. In a 250 ml 
round bottom flask, 50 ml toluene and 6.16g of methyltriethoxysilane were added. 
Then 10. Ig of Example 3 was added to a toluene / methyltriethoxysilane solution. 
Nj was flowed for 5 minutes to remove air and continued for the entire reaction. 
The sample was refluxed and stirred at 110° C for 4 hours. The sample was then 
filtered and washed 3 times with 50ml of toluene. The sample was reslurried into 
50 ml of toluene, then filtered and washed 3 times with 50 ml of toluene. The 
sample was then reslurried into 50 ml of toluene, filtered and washed 3 times with 
50 ml of toluene. The sample was dried at 110° C and then calcined 4 hours at 
150° C. 

[0090] Example 5 was prepared as follows. 10. Ig of Example 3 was 
impregnated to incipient wetness with 0.53g of octyltriethoxysilane dissolved in 
13.25g of toluene as solvent. The sample was then air-dried in a hood for 2 hours, 
dried at 110° C for one hour and then calcined 4 hours at 150° C. 
[0091] Protein adsorption in 0.1 M NaCl was determined as follows. Because 
Examples 4 and 5 were hydrophobic, a wetting procedure was needed to insure 
good contact with the protein solution. To an eppendorf tube, 0.014g Example 3 
was added as the control. Then 1 ml ethanol was added, stirred and centrifiiged 
with a supernatant removed. 0.5 ml ethanol and 0.5 ml DI H^O were added, stirred 
and centrifuged with a supernatant removed. 0.25 ml ethanol and 0.75 ml DI H^O 
were added, stirred and centrifiiged with a supernatant removed. 1 ml DI HjO was 
added, stirred and centrifuged with a supernatant removed. The DI H2O wash was 
repeated four more times. 1 ml 0.1 M NaCl + 0.02 M PBS pH=7.4 were added, 
stirred and centrifuged with a supernatant removed. The wash with 0.1 M NaCl + 
0.02 M PBS pH=7.4 was repeated four more times. Two vials of Sigma lEF Mix 
3.6-9.3 Isoelectric Focusing Marker (catalog # 1-3018) were dissolved into 500 ^1 
0.1 M NaCl + 0.02 M PBS pH=7.4. The dissolved lEF Mix was added to an 
eppendorf tube. 
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[0092] To another eppendorf tube, 0.014g of Example 4 was added. The same 
wetting procedure and protein addition as Example 3 were performed with 
Example 4. 

[0093] To a third eppendorf mbe, 0.014g of Example 5 was added. The same 
wetting procedure and protein addition as Example 3 were performed with 
Example 5. 

[0094] One vial of Sigma lEF Mix 3 . 6-9 . 3 Isoelectric Focusing Marker (catalog 
# 1-3018) was dissolved into 250 ^l 0.1 M NaCl + 0.02 M PBS pH=7.4. This was 
the standard untreated protein mixture. 

[0095] All samples were stirred end over end for 1 hour. The samples were 
subjected to 3-9 Isoelectric Focussing Gel Electrophoresis on a Pharmacia PhastGel 
unit. The results are shown in Figure 3. 

Lane Description 

1 , 8 Standard protein mixture 

2, 3 Example 3 
4, 5 Example 4 
6, 7 Example 5 

[0096] As seen in Figure 3, while the surface charge of the silica was "screened" 
by the dissolved salt, O.IM NaCl, and no protein binding occurred, the hydrophobic 
interaction of the methyl, and especially the octyl, groups was very strong and many 
of the bands were missing. These data show clearly that at the conditions above, a 
hydrophobic surface composition can lead to non-selective binding. 

Examples 6. 7 and 8 
Example of Invention 

[0097] These Examples show the advantage of employing an R,,, group according 
to this invention for reducing non-selective protein binding to a silica surface. 
Example 6 was the same as Example 3 except it was activated 2 hours at 200 °C. 
Example 7 was an intermediate surface composition, with the silica surface having 
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Si-R groups attached, wherein R is acetoxymethyl. Example 8 was an example of 
the surface composition of the present invention, with the silica surface having Si- 
R,o groups attached, wherein R,o is methylhydroxy. The advantage of Example 8 
with high and low ionic strength solvents was also shown. 

[0098] Example 7 was prepared as follows. In a 250 ml round bottom flask, 50 
ml toluene and 20.42g of acteoxymethyltriethoxysilane were added. 15.05g of 
Example 6 was added to a toluene / acteoxymethyltriethoxysilane solution. was 
flowed for 5 minutes to remove air and continued for the entire reaction. The 
sample was refluxed and stirred at 110° C for 16 hours. Then, the sample was 
filtered and washed 3 times with 50ml of toluene. The sample was reslurried into 
50 ml of toluene, filtered and washed 5 times with 50 ml of toluene. The sample 
was then reslurried into 50 ml of toluene, filtered and washed 5 times with 50 ml of 
toluene. It was dried at 110° C then calcined 4 hours at 150° C. 
[0099] The preparation of Example 8 is described as follows. In a 250 ml round 
bottom flask, lOg of Example 7 and 100 ml 0.01 M H2SO4 were added. was 
flowed for 5 minutes to remove air and continued for entire reaction. The sample 
was refluxed and stirred at 100° C for 18 hours. Then, the sample was filtered and 
washed 2 times with 100 ml 80° C DI H^O. The sample was reslurried into 100 ml 
80° C DI H2O; filtered and washed 2 times with 100 ml 80° C DI HjO; dried at 
110° C and then calcined 4 hours at 150° C. 

|0100[ To an eppendorf tube, 0.007g of Example 7 was added. One vial of Sigma 
lEF Mix 3.6-9.3 Isoelectric Focusing Marker (catalog # 1-3018) was dissolved into 
250 \il 0.14 M NaCl + 0.02 M PBS pH = 7.2 and then added to the eppendorf tube. 
The sample was labeled Example 7 high salt. 

[0101] To a second eppendorf mbe, 0.007g of Example 8 was added. One vial of 
Sigma lEF Mix 3.6-9.3 Isoelectric Focusing Marker (catalog # 1-3018) was 
dissolved into 250 ^il 0.14 M NaCl + 0.02 M PBS pH = 7.2 and then added to the 
eppendorf mbe. This sample was labeled Example 8 high salt. 
[0102[ To a third eppendorf mbe, 0.007g of Example 7 was added. One vial of 
Sigma lEF Mix 3.6-9.3 Isoelectric Focusing Marker (catalog # 1-3018) was 
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dissolved into 250 ul 0.02 M PBS pH=7.4 and then added to the eppendorf tube. 
This sample was labeled Example? low salt. 

[0103] To a fourth eppendorf tube, 0.007g of Example 8 was added. One vial of 
Sigma lEF Mix 3.6-9.3 Isoelectric Focusing Marker (catalog # 1-3018) was 
dissolved into 250 |al 0.02 M PBS pH = 7.4 and then added to the eppendorf mbe. 
This sample was labeled Example 8 low salt. 

[0104] To a fifth eppendorf mbe, one vial of Sigma lEF Mix 3.6-9.3 Isoelectric 
Focusing Marker (catalog # 1-3018) was dissolved into 250 ul DI H20 and then 
added to the eppendorf tube. This sample was labeled protein mixture standard. 
[0105] All samples were stirred end over end for 1 hour. All samples were then 

J subjected 3-9 Isoelectric Focussing Gel Electrophoresis on a Pharmacia PhastGel 

m unit. The results are shown in Figure 4. 

fl^ Lane Description 

; 1,8 protein mixture standard 

:^ Example 7 high salt 

1:3 Example 8 high salt 

si: 

' - Example 7 low salt 

Example 8 low salt 

[0106] The results of this experiment clearly show the advantage of Example 8, one 
of the embodiments of this invention, for rejecting nonspecific adsorption to the 
silica surface, in that all of the protein bands are present, see Lanes 3 and 7, under 
both "high salt" and "low salt" conditions. 

Characterization of Example 8 

[0107] The surface composition of this invention was characterized by analyses 
described below. 

[0108] Figure 5 shows the diffuse reflectance infrared spectrum of Example 8, 
which had a surface composition comprising -CHpH groups, from 1400 - 4000 
cm''. The infrared data were acquired on a Nicolet Magna 550 using a Spectra- 
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Tech diffuse reflectance accessory. The samples were diluted 1:20 in KBr with 512 
scans collected at 4cm-' resolution. The peaks at 2937 and 2897 cm ' clearly show 
the presence of the -CH^ groups. The bands for the -OH resonances are buried 
under the broad peak at 3483 cm ' . For comparison. Figure 6 shows the spectrum 
of Example 7, with a surface composition comprising -CH2OCOCH3 groups. New 
resonances occurred at 1726, 1421, and 1374 cm ' which are characteristic 
resonances associated with the acetoxy groups. 

[0109] Figure 7 shows the MAS Si'' NMR spectrum of Example 8. A single-pulse 
^'Si nuclear magnetic resonance experiment was performed on a Chemagnetics 
CMX 200 operating at a resonance frequency of 39.76 MHz. The sample was 
packed in a 14mm pencil-style rotor. A pulse length of 4^is corresponding to a 22 
degree pulse was utilized along with a relaxation delay of 60s. The clear resonance 
at -62 ppm has been identified as OjSi-CH,-, see Vicic, D., and Maciel, J. Am. 
Chem. Soc. 105 (1983), pg. 3767-3776. 

[0110] Figure 8 shows the x-ray photoelectron spectrum of Example 8. The sample 
was mounted on a sample smb with double-sided tape and a 2 hour carbon, oxygen, 
and silicon scan was conducted. The spectrum was fit to two peaks which were 
identified as contaminant C, 284.7 eV, and a alcohol C atom, 286.7 eV, see 
"Handbook of X-ray Photoelectron Spectroscopy", Moulder, J. F., Sticke, W. F., 
Sobol, P. E., and Bomben, K. D., Perkin-Elmer Corp, Eden Prairie, MN, 1992. 
For comparison the XPS spectrum of Example 7 is shown in Figure 9. In this case, 
a peak at 289 eV associated with the carboxyl carbon was also observed. These 
smdies indicate that the surface composition of Example 8, one of the embodiments 
of this invention, comprised methylhydroxy groups, -CHjOH, e.g., an R,o as 
defined herein. 

[0111] The concentration of R,o groups (-CH.OH) on the product of Example 8 was 
2.01 groups/nm^ and was calculated from the surface area of the silica support (72 
mVg) carbon content (1.907%) of the final product. The surface area was measured 
using conventional BET surface area methodologies and the carbon content (% by 
weight) was measured using a model C-144 LECO Carbon Analyzer. 
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Exam ple 9 ^Attachment of Binding Moietv and Illust ration of Reduced Non-Specific 
Binding When Using the Invention) 

[0112] 842 g toluene and 3.11 g 3-aminopropyltriethoxysilane were added to a 2000 
ml round bottom flask. Then, 200 g of Grace Davison XWP 500 A silica that was 
calcined 2 hours at 200° C was added to the round bottom flask, followed by the 
addition of 15 boiling chips. The round bottom flask was put in a heating mantle 
and attached condenser. The heating mantle was attached to the top of an orbital 
shaker, which was operated at a speed of 115 rpm. N^was passed through the 
round bottom flask and condenser to remove air during the entire reaction. The 
sample was heated to boiling (' 110° C) for 4 hours. The sample was filtered and 
washed with 2 x 200 ml toluene, dried at 115° C and then calcined 2 hours at 150° 
C. This sample was labeled Intermediary A. The concentration of the resulting 
-CHjH^NHz groups was calculated to be 0.54 and was based on the surface area 
(BET) of the support (88 mVg), carbon content (LEGO) of the intermediary 
(0.321%) and nitrogen content (0.11%). The nitrogen content (in weight %) was 
determined on a Carlo Erba NA 1500 Analyzer and using methods based on a 
modified Dumas method, using an oxygen-containing atmosphere and thermal 
conducting detection. See ASTM D5373 (for coal) and ASTM 5291. 
[0113] 800 ml 1 M NaGl was mixed with the Intermediary A in a beaker and stirred 
with a magnetic stirrer. The initial pH was 4.79 1 M HCl was added dropwise until 
pH became 2. The pH was held at 2.0 for 15 minutes. The sample was filtered and 
washed with 5 x 200 ml DI H^O, dried at 115° G and then calcined 2 hours at 200° 
C. This sample was labeled Intermediary B. 

[0114] 680 gr toluene and 177.25 gr acetoxymethyltriethoxysilane were mixed with 
Intermediary B in a round bottom flask. 15 boiling chips were put in the round 
bottom flask, which was placed in a heating mantle and attached condenser. The 
heating mantle was attached to the top of an orbital shaker operating a speed of 115 
rpm. was passed through the round bottom flask and condenser to remove air 
during the enfire reaction. The sample was heated to boiling (' 110° G) for 24 
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hours, filtered, washed with 3 x 200 ml toluene, dried at 115° C and then calcined 2 
hours at 150° C. This sample was labeled Intermediary C. 

[0115] 900 ml dioxane and 100 ml 0.1 M H2SO4 were mixed with Intermediary C in 
a round bottom flask. 15 boiling chips were put in the round bottom flask, which 
was placed in a heating mantle and attached condenser. The heating mantle was 
attached to the top of an orbital shaker operating at a speed of 115 rpm. N2 was 
passed through the round bottom flask and condenser to remove air for the entire 
reaction. The sample was heated to boiling (' 100° C) for 4 hours, filtered, washed 
with 2 X 200 ml toluene, dried at 115° C and then calcined 2 hours at 150° C. This 
sample was labeled Intermediary D. The concentration of R,o groups (-CH2OH) of 
this product was 5.65 and was measured by calculating the carbon content of 
Intermediary D and then subtracting the amount of carbon attributable to the 
C3H6NH2 groups, and then marking the calculation made in Example 8. When 
doing so, the concentration of the CgH^NH^ groups was calculated to be 0.39 and is 
less than that calculated from data on Intermediary A before conducting the 
chemistry to attach the R^o group. Without being held to a particular theory, it is 
believed the slight variation in nitrogen content (0.11 vs. 0.08) is due to standard 
deviation or possibly due to slight leaching of C3H6NH2 groups when creating the 
Rio groups. 

[0116] 20.75 g Intermediary D and 400 ml coupling buffer (0.1 M Na2P04 + 0.15 
M NaCl; pH= 7.0) were mixed in a 1000 ml beaker and stirred for 5 minutes. The 
sample was filtered to form a moist cake, which was put in a 1000 ml beaker and 
then 587.66 g 50 wt.% gluteraldehyde and 5.91 g NaCNBH3 were added to the 
beaker. The sample was stirred for 4 hours, filtered, washed with 400 ml coupling 
buffer and reslurried in 400 ml coupling buffer to obtain a new sample, which was 
filtered, washed with 400 ml coupling buffer and reslurried in 400 ml coupling 
buffer 2 more times. The re-washed and reslurried sample was filtered and then 
washed with 400 ml coupling buffer. This sample was labeled Intermediary E. 
[0117] 75.44 g coupling buffer and 24.56 g Protein A from Repligen at a 
concentration of 50 g Protein A per liter were added to a 250 ml round bottom 
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flask. 2.52 g NaCNBHj and Intermediary E were added to the flask and mixed on a 
shaker for 4 hours. The sample was filtered and washed 4 x with 100 ml coupling 
buffer. Then 75.44 g coupling buffer, 2.52 g NaCNBH, and 0.44 g ethanolamine 
were added to the 250 ml round bottom flask, and then mixed on a shaker for 4 
hours. The sample was filtered and washed 4 x with 100 ml coupling buffer. The 
sample was placed in 20% ethanol and stored at 4° C. This sample was labeled 
Example 9. From LECO Carbon, it was determined that Example 9 was 34.67 mg 
Protein A per g silica. 

[0118] A 0.66x2 cm I.D. affinity column packed with silica having -Si-CHiOH 
directly attached was first equilibrated with 20mM phosphate buffer, pH 7.4. A 5 
ml feed sample of 0.5 mg/ml rabbit polyclonal IgG in supernatant of Teredinobacter 
turnirae broth was loaded onto the column. The affinity column was then washed 
with the phosphate buffer until the UV absorbance at 280 nm returned to baseline. 
The IgG was eluted from the affinity column with 0.1 M acetic acid, pH3.0 at a 
flow rate of 1 ml/min (see the narrow peak in Figure 9). Figure 10 shows the 
chromatogram of the loading, wash and elution from the affinity column by 
monitoring the absorbance at 280 nm. 

[0119] 100 |iL purified IgG from the eluent of the affinity purification shown in 
Figure 10 was injected onto a size exclusion chromatography column, which was 
eluted with an elution buffer of O.IM Na2S04 and 0.05M NaH2P04, pH 5, at a 
flow rate of Iml/min. The A^go profile of the eluent from the size exclusion 
chromatography column was depicted in Figure 1 1 , which shows a single peak of 
the IgG with very little impurity from the cell broth. By comparison. Figure 12 
shows the size exclusion chromatogram, using the same conditions, of the starting 
rabbit polyclonal IgG that was spiked into the cell broth. Based on a comparison of 
Figures 11 and 12, it was clear that the IgG purified from the cell broth using 
Example 9 (Figure 11) was more pure than the starting IgG (Figure 12). Thus, 
Figures 1 1 and 12 show that non-selective binding to the silica media was 
minimized with the solid of this invention. 
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